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S tability I>.*ftult9 

The cycle length variability. determined I rem the 
RV electrograms in uarly spontaneous VT> decreased 
3c VT progressed. Figure 7 show?- che <r.ca.n calucc 
of Che b»;or. -by-boar. changea in cycle length 
beginning vich the ftrr.c .».hort cycle length of the 
sustained VTDo The first 3 beats of spontaneous 
vt exhibited much acre instability than subsequent 
beats although stabt li sr. lion appears to continue 
for many beat:;- 
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figure 7. Early VT Cycle Length Instability. 

The 22 episodes of spontaneous L,u:.tair*cd vr were 
repeatedly applied to the VT detection .-.I^ori the, 
f or STABILITY prograawed throughout the range 
10 mr. cr» 10Q mo. S t a c c ing- vi th the first VT beat, 
the VT detection delay was due to resetting of the 
VT counter by stability- The detect Cop delay for 
the first 25 beat* et t'T was plocced versua the 
ST.VM LT.TY parenecec in figure a. For STABILITY 
less than '0 ns , th* detection del^y uic Inversely 
proportional to STABILITY. 



creased fcr both VT and AF. Since Figures 7 and fi 
show that most stability resets occur early In the 
VT, 3 STABILITY value of 50 or 60 as may ba 
optlasl. 
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Figure <K Stability For AF vs. VT. 
Discu scion 

The major disadvantage of rate detection for VT 
and W 1? the lack cf specificity. Sltfple ODset 
and stability aljjorl chine did not perform well on 
these spontaneous ventricular arrhythaiiaD. The 
mere comptux ooeet ind etabilicy algorithm.': 
dr.rr.ribt;d in thle paper performed well on. our 
litftCted database of 22 spontaneous ventricular 
arrhythmias. True evaluation oust await c luteal 
study and collection of additional dacabar.ea. The 
presumed r.pecl ficlty of cnf.ee and ecabilicy has 
not been evaluated with sinus tachycardia or an 
adequate variety of supraventricular a r rhy thnl as . 
V G r>' high sensitivity for PCD device: 1 s essen- 
tial, even the expense of r.pecJ t icity because 
the consequence*; oi f?lr.e negative VT and VF 
detection is so grave. 
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Figure S. VT Detection Dnlay Due to Stability. 

For 17 VT episodes and 9 atriaL fibrillation 
episodes, the number of stability rc.';etr; 
determined ns o function of the STABILITY ■ param- 
eter u\ the raoffc. from 10 ras c? 100 me. The 
results were plotted io Klgu.ru ° for episodes with 
2 5 bu;irs o( n tnh i. 1 i red VT and for 25 beats o£ 
atrial fibrillation (AF J data. STABILITY should 
reject AJ* by frequently rovcer, vng the VT counter 
vithi%MC preventing cr slgnif leant ly delaying 
detection nf VT. A r . rhc STABILITY parameter 
l i\u reined, the nunber of it.ibillcy vcr.c^J dc- 



1. Plcsn, B.O. and Sweeney, M.E- Discrlal nation 
of supraventricular tachycardia from s'inys 
cechycardia of overlapping cycle leugtn. 
FACE 7:1 318- . 198^, 

2. Mirowr.lci, H. The automatic ircplantable 
cardioverter-def ibrt llator : An overview. 
JACC 6:461-W,, 1935. 

Munk.enbeck, F», ct ol. 
i.n implantable and- 
PACK 7:1272-1277, 1984. 
W.K., Zipes, D.P-, 
Pry£ toweV.y , F.,N. intraeurdlac electrical 
impedance during veotTicular tacbycardio and 
ventricular f iKri ll.itio-\ in man. JACC r > : 
506, 1985. 

Olson, u.U- > Bennett, T.D., Huberty, K.P., 
Andereon, K.M. Axiomatic detection of 
veutrieul.it fibrillation with chronically 
implanted preseure sensors. ;LACi« 7: 182 A, 
1986. 



Jentins, J., Bump , T. , 
Tachycardia detection 
tachycardia device*,. 
Olson, W.H. , Miles , 



170 



i n i \ ' i » 1 » m 



i i t ' i I l • I * , * 



' • 1 '. i ! ! : • m i ! j ! 1 1 1 1 ; i 1 I I I ' i 1 '• ' 



3'": 
G i 



8-| 



Figure Spontoiicou-, VT £x.v»p1e.. 



beat. ror che 7th, l.Hh, 13th and 16th cycle 
lengths the VP counter did noc increase because 
the cycle Iftngxhs «om not less than the 7T>T. On 
vhc 2^th best. VF detected because IS «€ the 

previous 24 bcut^ had cycle lengths lcs- chan POT., 

Onaet. Tter.ulta 

All 22 op^odee of aponcaneoqe on-jtatfied VT wn: 
repeatedly applied to the VT detection rxlftorltb* 
for ONSET values ranging from 6 ro 97Z. Onset 
detection fox every VT epir.nde was 3 Simple 
freehold as a function of onset per^ente^e. 
Pigure S .^hnu.<: the cumulative distribution of 
OD£e t thresholds for the 22 episode.-, as e function 
of onret percentage. Onset always detects 

for all episodes uh^ ONSET > SIX. Detect x«r. 
never occurred for onset percentages less than 
■M7. In 9 of the 22 episode-, the beat where onset 
uaa detect^ shifted earlier by one beat at higher 
onset Fcrcencagee and c-ic episode shifted by ?. 
brnt-:. As the onset percentage tncreaeed, the- 
spontaneous sustained epieodc net the on*rt beforrt 
PVCc vorc detected. In 11 eptcodee 2-4 PVCS .^c 
and reset the onset ?t higher orwer percentages . 
Slower VTg might be expected to require higher 
onset percentage* Tor detection because of smaller 
cycle len C th changes. Figure 6 Is a plot of the 
onnct percentage for detection vereue the VT cycle 
length. Considerable s-cacter wae seen (r - 0-^8)- 
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Figure 5- Cuaulatlvo Distribution of Onset. 
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Figure (>■ Onset ve. VT Cycle Lcnp.rh- 
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7i^irc 2. VT-VF Dcrcction Alr.or i.thm. 

rion Internal (FDI) are the tnocr ictporcr.nt 
par.snfctetr*.. The TOE nruvt .ilways b«-. p.re.ateT than 
tV.e FDI- Mote that blanking following ventricular 
sensing is 120 ids. Basic VT detection requires 
that .-l pro^r.T»)>»n,ih>i <i conr:ce'»r.t*n: Number of 
Intervals for Detection (NIC) occur between TDI 
and FDI. Whenever ccn one interval is longer 
Chan or equal tc TDI, the VT cau^crr rosctr. to 
zero. Any t^r.erva) rhan VT)l doc not affect 

the: VT r.ouacc-r. 

Since- sinus tachycardia rates overlap ulr.li glow VT 
r.itee, an optional OMSET condition requires a 
sudden change in rate at t Vifi bej/inriinft of the 
tachycardia. To set the ONSET, the current cycle 
length CI.,. nniNt. be leas than the average of the 
four prevJoue cycler J^ngths, tices the progran- 
ranhlr ON^T percentage (56X - 971). in Fiie..ire 2., 
note chat ONStT set (05) on the third end the 

thirteenth beatr.. An additional requirement for 
a at ting 0NSF.T la that one or both of the £-2 aud 
t*-3 cycle lengths Duet be gr enter than or equal ic 
10 1. Thle pr<jH-ntb 6 PVC in sinus: tachycardia 
with cycle length li::;r. than TBI rroca setting 
ONSST. The ONSET condition J.s tested on every 
bent cine* ^ottjc pnroxyso.il on : :cCr, for VT begin 
with a cycle lencth that is not quite below TI>T 
although subceqaent beats fall below TDI. The 
ONSET condition ic roeet when tvx> consecutive 
cycle length;; nrc greater than TDI. .Votn that 
ONSET V9S reset (OR) on r.hc fifth beat in Fig- 
ure If rhic occure during VT vhen TDI is too 
close to the cycle length of the VT „ then VT 
cetectlcn can be nLf.r.c.d rcjrardleaa of the duration 
of the tachycardia. The OMSET condition applica 
only to Che first detection of VT in ,1 VT opisodo- 



The optional STABILITY cr 
it. intended -*o add npocif 
ft brill nil 04 rhythm* vith 
and r.-; jetting polynorphic 
lengthy. Thr. VT thcronl.e 
theee rhythms. The STABI 
only vhen the current eye 
TO I and KDL and the vt 
three. The VT counter ie 
*t the three previous 
abm I ur p value ftOTJ (hn 
hy rt>or« chin the r rcir r a an]. 
riO - 150 me). lo Fi 



Iterleu for VT detection 
tcity by rejecting atrial 
irregular cycle lengths 
VT with irregular cycle 
are not effective for 
LI TV cr.lt eticn i«; tested 
le length CL,. is between 
counter i:: ;(reae«-.r th/m 
reset to zero Lr any one 
ycle lengths differs in 
urrent cycle length, CL^, 

able STABILITY perjneter 
re 2 thie stability reset 



(SR) of the VT counter occurred at the be^t indi- 
cated by the «urcw.',. fcesetting trte VT counter at 
thia tiir.o appears appropriate because the VT was 
polymorphic with unstable cycle lengths. A 
stability reaet (>*) did not occur on the previous 
beet because the VT counter had not reached fcur. 

Detection of ventricular fibrillation <VF> depends 
enly on rate; however, the Fibrillation Event 
Counter (FFX) dees not require, cansccuttvc Inter- 
vals less than FDI to nehievc detection. VF 
detection occurs when thrr;e-f our the of the ir.tcr- 
vula in a progr.-\t«nnAblc sexieo of consecutive* b<»ac? 
hAve cycle lenpthr. lese than the FDI- For ex- 
emple, in Figure 2, if any 18 of the last 2* 
intervals ore lose than the. FDI> the.n VP detection 
occur*. During V7 r.ho .-im?lltude of elect rogramo 
c-sy be lov and VF can still be detectod e«e-n if 
somtt of the depolorizur iortr. with ahort cycle 
lengthn arc not detected. If acceleration of VT 
occurs, VF detection taV.es precodanco over VT 
detection. 

Detection cf VT or VTT InfMaceft a VT or V? epi- 
Eode, rc;pcccLvely. Pollowing the fir^r VT ( >r VF 
thcr3py, detection resuf.ee and, if 8 conceeutiv^ 
Intervals are greater than or equal to the TDI or 
FDI respectively, then the epiyodc 5^ terminated. 
If the respective VT or VF is detected again 
following the first thccjpy, then the aecond 
progressive therapy lr. delivered. Up to 4 prc- 
grese.Loe VT therapies and 4 progressive VF theca- 
plee can he progranced. Follcaring a VT Therapy, 
both VT and VT detection arc\ active *:o chat 
accelerated rhythnt can be detecrrd. VT* dfrtectioe 
i.t disabled for 6^ ho.itri after VF the rap lee. If 
all ^ of the respective VT or VF therapies fail 
terminate the arrhythrjla a»\d detection occurs 
ag^in, then :he re-'ipeetlwe detection algorithm it 
disabled until episode termination ie detected or 
decoction is rsenabled by prograeuning* 

Examples 

Ventricular Tachycardia 

In Figure 3, the three surface leads and Lhe PV 
elect r ok r.^n> shw that the early vt norphAlofry '^a^ 
different fron the euetained VT morphology. The 
detection cycle length graph :;howy chi*t the VT 
cycle lengths for the firet four beate of the VT 
were very unstable. The first two VT beats «?r« 
counted hccn-,if:e the. cycle lengths- were vrv the vt 
range. The third beat cycle length wa*> less than 
FUI, co the V T count was unchangod. The f mirth 
beat cycle length vac equal te the TDI eo the VT 
counter was rcr.ee (CR). The fifth end :.ub?iequ*ti t 
hasty all incremented the VT counter until VT 
detection occurred when the VT count reached 

Ventricular Fibrillation 

Spool. tnerjue ventricular fibrillation as shewn in 
Figure h began vith a sinus fusion heat followed 
by polymorphic VT that progressed rapidly to VP. 
On the defection cycle! length graph the first 
chrt-c cycl-j lenc rhn C*' rnr - VF were not lc - ch^n 
the FDt so rh-. VF counter began with the fourth 
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a tachyarrhythmia decoction algorithm for en 
lmpl&ncsMe Pacer-Cardi ovcrrer-Pef ibrl llator (PCD) 
is described ?nd Cit-.terf ynih a spent aneou.s ven- 
tricular arrhythmia database- Ventricular iuchy- 
c^rdia (VT) detection can cee fiuEtained r<ipid 
rate, paroxysmal enset nr.d race stability. A VI 
episode begins with VT detection leading to 
proKrce-jivc pacing ^nd c.%rdiovexr,ion therapies 
unLiL VI tentinaricn Is detected. Sinru 1 1 .mdAjD 
ventricular fl hrl 1 lat ion fVP) detection for 
outonviLic Jef ibrillacion ucec a higher rate 
threshold char, can r olcrc.ee partial lor.r. of 
Gonsi np;. This algorithm u<t* developed ucinc; a new 
database of spontaneous VT ymi VF Intracardiac 
^leccrogratn?. recorded i rota cudOen death p.urvivors 
in an intensive care uni t- Eseulte show choc 
opcion.il ons'.T ?nd" T-rr.hi 1 -i ry p.iratrn tor* add 
specificity to einple VT rsre detection without 
reducing Eensitivitv- 



Inc roduc t > on 

kelieble autccatic detection of VT and VF for a 
PCD i^ich limited analytic capacity requirec cicple 
p?r.-!toce rs win h bj £h *jr"vi tK'ity nr»d specificity. 
High roce ir* u^.ed by n 1 .1 t*ehysr rhythaii >i pact- 
makers and fhri AlO defibrillator. ' One antl-SV? 
p ac e^atcr-. r o l.\ o eTeS r;i>r.p7c. ontc-t and stability 
criteria to add specificity. An algorithm for 
proceeding atrial and ventricular tiaung and the 
response to atrial o:t res l icm 1 i ha*, been pro- 
posed, ^or VF detection. t hn probability density 
fitnrrior., 'nLr^rr.rdl ;ic irpedance'' and intra- 
cardiac pressure^ can add specificity to high rzte. 
detection. 

Soon t.'trttcuf: A rr_hy t Hr.r -i _D at nh.aP.e 

Forty -airvlfforc of out-of-hcspital ventricular 
fibrillation vsr<? Studied at tho Univcrr.it/ of 
Washi np.r on, Harbcrvi Medical Center Coronary 
Care Unit, frots December 196'» to Febru.-ity 19S6. 
Contiguous arc* leg tape rtt.ur d 1. ngc of eurface FCC.s 
(It, VI T v5) » bipolar right ventricular electro- 
grams, mctacardiec inpocanco, OGoph&pcal electro- 
P.t&cls -ind prrr.rl.il blood prer.r.ure ucre nxade for 1 
c-i S A Ayr. after idniu^ior. depending on clinical 
circuce-ancoo uair.j: t^<- f.qui pr.4-.nL In TiRjre l. 

Right >rcntritular -?c r ro^r*' ti<* v^rrtrdtd with 

Medtronic *. ripnlar temporary leads between 
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an 8 co~ ring tip and 125 nm distal ring elec- 
trode fjcpnraced 5 nrav fro«n the tip- Esoph.igeaL 
atrial electrogzaiLS vere recorded oa»lng a Med- 
tronic 6992 lead whenever possible Co docucenr. 
ventriculoatrial dl&sociation during ventricular 
tathycardla. All the analog t^e:*. Jerc logged and 
Scanned for arrhythtnies ^nd ether clinical e-.^er.cr:. 
Tvent7~-t.v7o episodes of spontanoouc r-uctained 
ventricular tachycardia and ventricular fibrilla- 
tion vr:r»\ rmlttcced from the 10 p^tienrQ wi rh 
^ur-t^incd (30 ??ftc or shock) ventricular crrhyth- 
nias- No tsot e than 3 epiaode-, per patient w^re 
utilized. Nine episodes of spontaneoua '.upra- 
venrricul.uc Lachycji rdi :i and atfinl tlbriLla~ion 
f ran three patients vr?ra alto analysed. Since 
^surface f.CCz at -hn hnginning of aponC^ftous 
ventricular arrhychjnl ar. exhibit ^ Iciu 1 taneoua 
chengec; in c.yclrt length end QRS morphology , 
accurate cycle length raeaaurement.s fr<;m surface 
F.CCs -"»re difficult* Intracardiac electrogr^nr. 
frcra bipolar clcctcoden change norphology leas 
than surfneo KCOfl and ma i n r.^ i r. high eleu rates 
because of the nea r-f i ft id relation to the myocjr- 
diura. Therefore, the bipolar ct<-.ct rf.graro ue.o w.yr.ti 
to dot«:crd.ne cycle lenK r - h "r with a variable threoh- 
old pacemaker een&c amplifier. Conputrec enalysis 
of detected cycle lengths witVi 10 rasec ra«ioli*r.i tin 
wr, done on a DEC MicroV.-« II vith a program that 
emulated in every detail the software in rhc 
Hedtronlc 7213 Pecer-Cardiovcrtrtr-Oef ibri Hat at 
<PCD>. 

VT-VF Detection alKorltha 

The detection algoxithca 1 ndepeadeutly detects 
ventticulAr rechyenrdia for pacing and cardiov&r- 
r.lon therapies and ventricular fibrillation tor 
defibrillation therapies- The major paraoerm. 
and conditions ere illustrated on an example of 
r. pontaneo-u z ventricular tachycardia <n Figure 2. 

Two rate limits , one for VT dr-tection called the 
Tachycardia Detection Interval (TDI) and another 
for "vy detection called rhc. Fibrillation Detec- 
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